PROPERTIES OF Hib AND Hia CAPSULAR POLYSACCHARIDES
The capsular polysaccharide structures of the six types (Table 1) (6, 12) are likely related to the virulence properties of H. influenzae. Hib capsular polysaccharide confers virulence by "shielding" the deeper bacterial structures such as the lipopolysaccharide from the lytic activity of complement (40, 41, 46) . H. influenzae can be divided into three groups of two based upon the structures of their capsular polysaccharides and resistance to antibody-free complement: types a and b are the most virulent and are composed of a neutral sugar, an alcohol (ribitol), and a phosphodiester; types c and f, with lesser complement resistance and low virulence, are composed of an N-acetylated amino sugar, another saccharide, and a phosphodiester; types d and e, which are rapidly lysed by complement alone, have a repeat unit of an N-acetylglucosamine and N-acetylmannosamine uronic acid (40) . Sutton et al., showed that in intraperitoneal challenge of 6-day-old rats, the 50% effective dose for bacteremia of both Hib and Hia was ϳ1 to 1 ϫ 10 2 , which is several logs lower than for the other types. Intranasal challenge of infant rats with type b or a strains isolated from patients resulted in 55 to 90% bacteremia with type b and 35% with type a strains. Intranasal instillation of types c, d, e, and f was not attempted because the values for 50% effective doses after intraperitoneal challenge were high (40) . These results were confirmed by Zwahlen et al. (41, 46) using a series of capsular transformants (a to f) constructed using DNA from clinical isolates of all six serotypes and a genetically defined capsule-deficient recipient strain Rb Ϫ :02. The virulence of the capsular transformants of types a to f were compared, using intranasal inoculation of 21-day-old rats. All strains colonized the nasopharynx, persisting up to 71 h in most animals, but bacteremia was detected only in animals challenged with serotypes a, b, and f. The type b transformant gave the highest bacteremia (geometric mean log 10 bacteremia, 3.89) in more animals (16/18), followed by type a (geometric mean log 10 bacteremia, 2.03) for 9/18 animals, while the type f transformant caused bacteremia in only a single animal (46) . The results showed that the changes at the capsulation locus cap alone are sufficient to alter the virulence of H. influenzae. The resulting type a and type b transformants had the same phenotypic and cap genotypic characteristics as those generated with chromosomal DNA and showed the same relative virulence in the infant rat bacteremia and meningitis assay (40, 41, 46) .
INVASIVE DISEASES CAUSED BY Hia
Similar to Hib, most cases of systemic Hia infection are in young children (11, 17, 20, 25, 28, 29, 36, 45 (10, 20) . However, Hia organisms are an important cause of meningitis in certain populations. 
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b Ribose and fructose are in the furanose ring form; Glc, Gal, GlcNAc, GalNAc, and ManANAc are in the pyranose ring form. (45) . From 1999 to 2000, 233,516 doses of Hib conjugate were administered three times to a target population of 117,673 children less than 1 year of age, and 36,949 doses were administered once to a target population of 120,537 children aged 12 to 23 months. During the 1-year period after initiation of immunization, the incidence of Hib meningitis decreased by 69% (from 2.62 to 0.81 cases per 100,000 persons per year; P Ͻ 0.001). The incidence of H. influenzae type a meningitis, in contrast, increased eightfold (from 0.02 to 0.16 cases per 100,000 persons per year; P ϭ 0.008) (33) . Continued surveillance is needed in this population since the rates of Hia disease are based on a small number of cases.
Hia disease has been documented in other countries. In a study conducted from March 1980 to September 1985 of 155 highlands children in Papua New Guinea with culture-positive meningitis (Hib vaccination was not implemented), 84% were 12 months of age or younger, and 92% were infected with either H. influenzae, Streptococcus pneumoniae, or both. Of 73 strains of H. influenzae, 60 (82%) were type b, and 9 (12%) were type a (15, 16, 26) . Gottberg In summary, since Hia surveillance data prior to the introduction of Hib vaccination were incomplete, it is difficult to determine if the apparent increase in Hia cases is due to replacement of Hib disease, to better surveillance that followed the introduction of Hib vaccines, or to an unmasking of previously unrecognized cases due to the high rates of Hib disease in the prevaccination era. The number of reports of invasive diseases caused by Hia urges continued surveillance to monitor trends of this pathogen.
IS1016-BEXA DELETION, POSSIBLE ASSOCIATION WITH VIRULENCE
The majority of capsulated H. influenzae strains have a duplication of the cap locus flanked by an insertion sequence (IS1016). These strains have been grouped in a single electrophoretic group (division 1) (22) . The cap locus contains the bexA to bexD genes (21) . Recent clusters of invasive Hia disease have documented a partial deletion of IS1016-bexA (1, 20, 23) . While most H. influenzae type a strains are of the a(T) genotype, which contains a complete duplication in the regions containing the bex capsular genes, the mutant strains are of the a(N) genotype that have a 1.2-kb partial deletion in one of the bexA capsular gene regions. In 2005 Kapogiannis et al. reported two cases of severe invasive disease due to Hia with the bexA partial deletion. The isolated strains showed a 300-bp amplicon by PCR analysis and a different pattern by Southern blotting (20) . The apparent increase in cases in selected populations in the United States, such as the Navajo, White Mountain Apache, and Native Alaskans, has raised concerns about a niche previously filled by Hib that now accommodates Hia strains. The mutation of IS1016-bexA has been found in three invasive Hia strains isolated from Utah (10-month period from 1998 to 1999) (1). Thus far, the Hia strains from the North American Arctic (Alaska and Canadian northern territories) have not shown the bexA deletion (5, 17) . Continued surveillance for this mutation is needed as the most recent Hia strains containing this mutation were isolated in Georgia (20) .
A VACCINE FOR Hia
No cross-protection is afforded to type a by immunization with Hib conjugate vaccines. The number of Hia cases in any of the areas with a relatively high incidence is still too low to conduct a randomized, double-blinded and controlled trial to demonstrate efficacy. There is precedence for adding an additional capsular type within a species to a vaccine without evidence for its clinical efficacy. Several pneumococcal types and meningococcal groups Y and W135 (all capsular polysaccharides) were licensed based upon data for their safety and their ability to elicit biologically active antibodies to these pathogens (35) . A similar approach was sufficient to license type 2 poliovirus vaccines (13, 35) . Extensive clinical experience has validated this approach. We propose that demonstration of the ability of Hia polysaccharide conjugates to elicit bactericidal antibodies will be sufficient to license a vaccine, provided it is safe and standardized (35, 43) . The development of new vaccine formulations (multivalent vaccines) requires the development of laboratory assays that can serve as correlates of vaccine-induced protection. These assays can also assist in the serosurveillance of Hia in populations at risk such as the Native American communities and in countries where the incidence of disease caused by this pathogen is unknown. Hammitt et al. reported the poor antibody response when infants were infected with Hia at a very early age (18) . At this time only natural immunity can offer protection to an otherwise naïve population, since no vaccination strategies have been pursued for non-type b H. influenzae disease (5, 39) . The addition of Hia conjugate vaccine to routine childhood schedules has had considerable public health and cost benefits (4, 8, 9) . Improved estimates of Hia disease burden, especially in countries that are now introducing Hia vaccination, will help determine the need for the introduction of a new vaccination strategy.
CONCLUSION
The structure, experimental, and clinical properties of Hia capsular polysaccharide closely resemble those of type b. Hia causes low rates of endemicity and outbreaks of meningitis and bacteremia in infants and children of certain populations. The apparent increasing numbers of cases of Hia invasive disease suggest that development of a vaccine comparable to the current Hib conjugate is reasonable. The methods for conjugating the type b capsule to a protein carrier are applicable to Hia. Increased H. influenzae surveillance, such as that provided through the current Active Bacterial Core surveillance system, is needed in the United States. The Meningitis Surveillance Network in other countries, including countries in Africa, should include non-type b H. influenzae surveillance in their routine schedule where Hib has not been recognized previously.
